
CARBON ISOTOPES AS TRACERS OF BIOGENIC AND 
FOSSIL FUEL DERIVED CARBON TRANSPORT I N  THE ATMOSPHERE 

Roger L. Tanner and J e f f r e y  S. Gaffney 

Environmental Chemistry Division 
Department of Applied Science 

Brookhaven National Laboratory 
Upton, NY 11973 

INTRODUCTION 

Carbonaceous a e r o s o l s  in t he  atmosphere are complex in na tu re  and a r e  derived 
from a v a r i e t y  of sources .  Improved methods f o r  cha rac t e r i za t ion  of organic  and ele- 
mental  f r a c t i o n s  of t hese  materials a r e  u rgen t ly  needed, e s p e c i a l l y  t o  a s ses s  the  
con t r ibu t ions  t o  carbonaceous ae roso l s  from biogenic and anthropogenic sources  of 
t h e i r  gaseous and primary p a r t i c u l a t e  precursors .  A s  pointed out  prev ious ly  by s e v e r  
a1 groups(l-5),  carbon i so topes  (1% and 1 4 C )  can be used to  obta in  new information on 
carbon source terms. The measurement of 14C conten t  by microsca le  gas propor t iona l  
counting (6,7) or by d i r e c t  1 4 C  atom counting with h igh  energy nuc lear  a c c e l e r a t o r s  
( 8 )  can provide d i r e c t  evidence of t he  q u a n t i t a t i v e  ro l e  of f o s s i l  f u e l  emissions 
(evapora t ion  and combustion) vis-a-vis n a t u r a l  emissions from vegeta t ion  and human- 
der ived  emissions from biomass combustion with r e spec t  to  the  atmospheric carbon 
cyc le .  

The a d d i t i o n a l  measurement of 13C/12C r a t i o s  in carbonaceous a e r o s o l s  by isotope- 
r a t i o  mass spec t romet ry  provides informat ion  concerning f r a c t i o n a t i o n  processes but  
a l s o  can d i s t i n g u i s h  between biomass combustion sources  involv ing  C-3 p l a n t s  ( s l a sh  
burning of corn ,  sugar  cane) and C-4 p l a n t s  (wood-burnin ) ( 9 ) .  This paper d iscusses  
r ecen t  da ta  acqui red  a t  BNL demonstrating the  va lue  of 54C and 13C measurements in 
source a l l o c a t i o n  of carbonaceous ae roso l  f r a c t i o n s  in the atmosphere. W e  fu r the r  
d i s c u s s  the  p o t e n t i a l  app l i ca t ion  of t hese  techniques f o r  mixed-phase s t u d i e s  of 
organic  oxidant formation of d i r e c t  re levance  t o  a c i d i c  depos i t i on  in non-urban and 
remote atmospheres. 

EXPERIMENTAL 

Organic/elemental  carbon spec ia t ion  is performed on ug-sized samples using a 
thermal evo lu t ion  technique  (10) in which carbon i s  evolved in 2 d i s c r e t e  s t eps  a t  
400°C in He and a t  65OOC in 10% Og/He, then  measured a s  CO2 by NDIR spectroscopy. 
l 3 C / I 2 C  measurements a r e  made by i s o t o p i c  r a t i o  mass spectrometry (Nuclide Corp) a l so  
a f t e r  conversion t o  CO2; r a t i o s  in samples of as l i t t l e  as 0.5 mg can  be determined t o  
f 0.1 6 u n i t s .  

Carbon-14 con ten t  is measured by s p e c i a l l y  designed gas p ropor t iona l  counters 
(7 ) .  Aerosol samples sre f i r s t  converted t o  CO2 by combustion in a macroscale vers ion  
of t h e  thermal evo lu t ion  technique. A clam s h e l l  oven was used t o  hea t  t he  sample fo r  
s equen t i a l  evolu t ion  of organic  and elemental  carbon under equiva len t  condi t ions .  Due 
t o  the  p o s s i b i l i t y  of thermal g rad ien t s ,  condi t ions  i n  the  macroscale appara tus  were 
ad jus t ed  t o  produce t h e  same recove r i e s  of t o t a l  carbon (ug C per  c g  of f i l t e r  area) 
as f o r  t he  microsca le  appara tus .  Carbon-14 da ta  a r e  repor ted  as ;b contemporary 
carbon. Aldehyde d a t a  r e f e r r e d  t o  in t h i s  paper were obtained by impinger sampling in 
dinitrophenylhydrazine/acetonitrile s o l u t i o n  and a n a l y s i s  of t he  d e r i v a t i v e s  by HPLC 
w i t h  W de tec t ion  (11).  O le f in  measurements were made by a s p e c i a l l y  designed 
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ozone-chemiluminescence appara tus  (12); d i f f i c u l t i e s  in c a l i b r a t i o n  accuracy and back- 
ground d r i f t  with temperature l i m i t  i ts  use t o  inferences  of r e l a t i v e  r e a c t i v e  hydro- 
carbon l e v e l s .  

RESULTS AND DISCUSSION 

Summaries of the ae roso l  carbon d a t a  obta ined  a s  p a r t  of t h e  POLlutant-TERpene 
CAnopy I n t e r a c t i o n  STudies ( P o l t e r c a i s t  I and 11) conducted a t  t h e  NOAA Atmospheric 
Turbulence and Dif fus ion  Laboratory (ATDL) s i t e  near  Oak Ridge, TN in coopera t ion  w i t h  
NOAA-ATDL and Oak Ridge National Laboratory ( O W )  s t a f f  a r e  reported in Tables 1 and 
2. Table 1 concent ra tes  on t h e  organic  and e lementa l  carbon da ta  obtained at  the  Oak 
Ridge s i t e .  Compared t o  prev ious ly  repor ted  da ta  (5) from urban and r u r a l  s i t e s  in 
t h e  N.E. USA and from Barrow, AK in winter  A r t i c  haze ep isodes ,  concent ra t ions  of both 
organic  and e spec ia l ly  e lementa l  carbon were q u i t e  high. Organ ic / to t a l  C ( t o t a l  = 
organic  + elemental  C) r a t i o s  were q u i t e  low and suggest t he  presence of s u b s t a n t i a l  
l o c a l  sources  of ae roso l  carbon in both summer and l a t e  win ter  seasons. 

Some s i g n i f i c a n t  d i f f e r e n c e s  in measured o r g a n i c / t o t a l  C r a t i o s  by macro- and 
microsca le  techniques were observed, wi th  the macroscale apparatus y i e ld ing  higher 
r a t i o s .  Th i s  sugges ts  t h a t  improvement in t h e  macroscale technique t o  b e t t e r  s imula te  
t h e  rap id ,  uniform hea t ing  of t he  microsca le  appara tus  is in order.  However, d i f f e r  
ences were not l a r g e  enough t o  a f f e c t  t h e  conclus ion  t h a t  l o c a l  sources ,  poss ib ly  due 
t o  inc ine ra t ion ,  make dominant con t r ibu t ions  t o  l o c a l  a e r o s o l  carbon l e v e l s ,  and t h a t  
l e v e l s  of ae roso l  carbon make a non- t r iv i a l  con t r ibu t ion  t o  ae roso l  loadings  and 
concommitant v i s i b i l i t y  e f f e c t s .  This c o n t r a s t s  with the  summertime r e s u l t s  in the 
nearby Great Smoky Mountains (13) in which ae roso l  carbon e f f e c t s  on v i s i b i l i t i y  were 
much sma l l e r  than those produced by ae roso l  s u l f a t e  l eve l s .  Summertime l e v e l s  of 
ae roso l  s u l f a t e  were comparably h igh  in both s tud ie s .  

Table 2 presents  t he  da t a  f o r  13C/12C r a t i o s  and I4C conten t  of aerosols  
c o l l e c t e d  a t  the  ATDL/Oak Ridge s i t e .  The I 4 C  r e s u l t s  f o r  two samples in which both 
organic  and element 1 4 C  carbon were measured on t he  same sample are in agreement with 
p red ic t ions  tha t  elemental  carbon (soot )  in atmospheric ae roso l s  is due t o  primary 
emissions from combustion of f o s s i l  f u e l s  t o  a g r e a t e r  ex ten t  than is organic  carbon 
in ae roso l s ,  l ead ing  t o  lower I 4 C  con ten t .  The organic  carbon may come from a l a r g e  
range of biomass ma te r i a l s  of r ecen t  o r i g i n  ( l e a f  l i t t e r ,  carbon in resuspended soil, 
po l l en ,  e tc . )  a s  w e l l  as primary and secondary combustion ae roso l s .  I n  c o n t r a s t ,  a l l  
soot  must come from combustion sources  and, although wood combustion makes a major 
impact on ae roso l  elemental  carbon in some loca t ions  e s p e c i a l l y  in winter  ( 3 ) ,  most 
e lementa l  carbon is thought t o  be der ived  from fossil f u e l  burning. The h igh  l e v e l s  
of contemporary e lementa l  carbon samples even in t h e  summer season s t r o n g l y  suggests 
t h a t  t he re  a r e  l o c a l  soot  sources  from combustion of contemporary carbon-containing I 

I f u e l s  o the r  than wood. 
b 

I n  add i t ion  t o  ae roso l  measurements wi th in  and above the  canopy dur ing  P o l t e r  
c a i s t  I and I1 s t u d i e s ,  r e a c t i v e  t r a c e  gases  (HNO3, 03, NOx, o l e f i n s ,  reduced s u l f u r  
compounds and aldehydes) were a l s o  measured ( 1 4 ) .  In summer, 1983, increased  l eve l s  
of o l e f i n s  (- 2-fold) sampled a f t e r  a s i g n i f i c a n t  r a i n f a l l  were accompanied by 
inc reases  in formaldehyde (HCHO) l e v e l s  but not of acetaldehyde (CH3CHO) l eve l s .  
Isoprene emissions from the  deciduous f o r e s t  canopy a r e  deduced t o  be the  cause of 
increased  HCHO l eve l s ,  i n d i c a t i n g  biogenic con t r ibu t ions  t o  gas phase organic  oxidant 
p recu r so r s ,  but not d i r e c t l y  t o  organic  ae roso l  carbon formation. Much l o w r  r a t i o s  
of HCHO/CH3CHO were observed du r ing  winter,  1984, sampling when the  deciduous canopy 
was dormant. Addi t iona l  measurements a r e  requi red  in coni ferous  f o r e s t  canopies in 
which emissions a r e  d i f f e r e n t  in nature  ( t e rpenes  VS. i soprene)  and emitted in a more 
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F 

continuous p a t t e r n  (15).  For both types  of canopy s t u d i e s  new i s o t o p i c  ratio-based 
techniques a r e  requi red ,  e s p e c i a l l y  14C-measurements of u l t ra -h igh  volume samples of 
gaseous s p e c i e s  such a s  formaldehyde and, u l t i m a t e l y ,  of organic oxidants (PANS, 
ROOHs) and weak a c i d s  i n  atmospheric water samples, in order  t o  t r a c e  the  biogenic or 
anthropogenic origin of oxid ized  organics  and o t h e r  s i n k s  from the atmosphere. 
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